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Mid-Term  Progress  Report 
Contract  Number  DAMD17-87-C-7173 

As  indicated  in  the  quarterly  reports,  the  research  program  supported  by 
this  grant  has  been  focusing  on  three  aspects  of  anti-HIV  immune  responses: 

1)  Neutralizing  antibodies. 

2)  Antibodies  that  enhance  HIV  infectivity. 

3)  Anti-HIV  immune  responses  in  children  of  infected  mothers. 
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I.  Anti-HIV  Neutralizing  Antibodies. 

The  work  with  neutralizing  antibodies  relates  to  the  role  of  the  third 
hypervariable  region,  which  is  represented  by  disulfide  linked  loop  within  gpl20 
(V3  loop;  amino  acids  303-335).  Our  previous  studies  demonstrated  that  this 
region  is  a  dominant  neutralizing  epitope  of  HIV  and  that  response  to  it  was 
generally  variable  and  specific  to  the  respective  isolate.  We  undertook  a  study 
to  determine  the  extent  of  this  variability  among  a  large  number  of  HIV  isolates 
in  order  to  gain  insight  into  which,  if  any,  of  the  V3  sequences  might  be  more 
prevalent  in  the  infected  population  at  large. 

Resultant  studies  of  over  200  HIV+  human  sera  revealed  a  differential 
seroreactivity  to  the  various  V3  sequences  with  10%  or  less  reactive  to  3B, 
about  25%  to  RF,  50-60%  to  the  WMJ2  and  SC  and  70-80%  to  the  MN  peptide 
(Table  I).  The  more  common  recognition  of  the  MN  sequence  has  also  been 
noted  by  others  and  suggests  that  the  bulk  of  the  virus  genotypes  in  the  field 
show  some  homology  to  sequences  that  fall  in  the  MN  V3  domain.  In  a  second 
approach  to  this  question  in  collaboration  with  Dr.  Weinhold,  in  this  laboratory 
and  Dr.  Putney  at  Repligen,  the  V3  sequence  from  249  field  and  prototypic  HIV- 
1  isolates  were  directly  compared  following  PCR  amplification,  cloning  and 
sequencing.  The  results  of  the  study  were  in  agreement  with  the  serotyping 
approach  in  that  alignments  of  the  V3  sequences  with  the  MN  map  yielded  the 
lowest  overall  number  of  mismatches.  The  homology  was  most  apparent  in  the 
central  portion  of  the  V3  region  with  44%  of  the  isolates  yielding  an  IGPGRAF 
sequence  at  the  crown  of  loop  (Fig.  1)  in  common  with  the  MN  isolate.  These 
results  suggest  that  the  MN  sequence  might  represent  an  important  vaccine 
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component  and  induce  a  response  to  a  significant  fraction  of  virus  genotypes. 
Consistent  with  that  notion  in  collaborative  studies  with  T.  Palker  and  B. 
Haynes,  we  have  found  that  experimental  sera  raised  to  MN  V3  peptides  induce 
neutralizing  antibody  to  a  number  of  field  isolates  (Table  2).  Nevertheless,  even 
the  MN  sequence  leaves  a  large  number  of  isolates  with  minimal  apparent 
homology  and  approaches  must  be  devised  to  overcome  that  heterogeneity  if 
this  region  of  the  virus  is  to  be  seriously  considered  as  a  component  of  an  HIV 
vaccine.  Studies  are  currently  in  progress  to  determine  if  there  is  any  cross 
reactivity  between  these  various  loop  classes,  particularly  within  the  loop  crown. 
The  goal  of  these  studies  is  to  arrive  at  a  universal  epitope  or  epitope  cocktail 
that  would  represent  the  majority  of  viruses  in  the  population. 
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II.  Antibody  Dependent  Enhancement  (ADE) 


Recent  reports  of  antibody-dependent  enhancement  (ADE)  of  HIV-1 
infection  in  vitro  have  elicited  concern  regarding  the  development  of  HIV-1 
vaccines.  Whether  this  phenomenon  occurs  in  vivo  is  unknown.  To  explore 
the  possibility  that  anti-HIV  antibodies  might  enhance  the  infection  of  normal 
human  mononuclear  phagocytes,  we  studied  the  effect  of  human  Ab  on  HIV- 1 
infection  of  human  peritoneal  macrophages  (Mac)  and  peripheral  blood 
monocytes  (Mono)  Antibodies  tested  included  fresh  sera  from  16  HIV-1  Ab- 
positive  patients  as  well  as  3  non-neutralizing  human  monoclonal  Ab’s.  Blood 
monocytes  were  isolated  on  sequential  Ficoll-Hypaque/Percoll  gradients; 
peritoneal  macrophages  were  obtained  from  women  undergoing  laparoscopy  and 
isolated  by  Ficoll-Hypaque  sedimentation.  The  Mono/Mac  were  further  purified 
by  adherence  to  microtiter  plates  followed  by  vigorous  washing  to  remove 
nonadherent  cells.  Resultant  monolayers  (>95%  Mono/Mac)  were  cultured  in 
DMEM  with  10%  unheated  normal  human  serum.  Test  antibodies  and  1  of  4 
HIV-1  isolates  were  added  within  1-5  days  of  plating.  HIV-1  isolates  included 
the  lymphotropic  strain  IIIB,  the  viral-tropic  strain  Ba-L,  and  two  local  field 
isolates.  Antibodies  were  tested  in  duplicate  at  serial  dilutions  of  10'1  thru 
10-8.  To  determine  the  role  of  complement,  reported  to  be  necessary  for  the 
enhanced  infection  of  one  lymphocytoid  cell  line,  fresh  and  heat-inactivated 
(56C,  30  min)  aliquots  of  sera  were  tested  in  parallel.  Two  to  five  days  post¬ 
infection,  cells  were  washed  in  order  to  remove  sera  and  fresh  culture  medium 
was  added.  Cultures  were  then  monitored  at  1-4  intervals  for  HIV-1  infection 
using  3  end  points:  HIV  p24  antigen  production,  HIV  reverse  transcriptase 
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activity  and  HIV-induced  cytopathicity.  When  tested  at  low  dilutions  (10  1  to 
10'2),  all  antibody- positive  sera  neutralized  HIV-1  infection.  Though  this  activity 
was  lost  at  higher  serum  dilutions,  no  antibody-dependent  enhancement  of 
HIV-1  infection  was  apparent  with  any  patient  sera  on  either  peritoneal 
macrophages  or  blood  monocytes.  The  fsinding  were  consistent  with  all  4  HIV- 
1  isolates  examined.  Heat-inactivation  of  sera  had  no  significant  effect  on 
neutralization  or  enhancement  (Fig.  2).  Furthermore,  consistent  with  the 
established  CD4-dependent  mechanism  of  HIV-1  entry,  infection  of  both 
monocytes  and  macrophages  was  blocked  by  agents  that  interfere  with  the 
binding  of  HIV  to  CD4  (soluble  CD4  and  OKT4a/10Thy5D7)  (Fig.  3).  These 
results  suggest  that  antibody-dependent  enhancement  does  not  occur  in 
primary  human  mononuclear  phagocytes  in  vitro.  Whether  other  cell  types  are 
targets  for  ADE  mediated  HIV  infection  is  currently  under  study. 
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III.  Anti-HIV  Immune  Responses  in  Children. 

In  infants,  the  serologic  diagnosis  of  HIV- 1  infection  is  confused  by  the 
presence  of  HIV- 1  antibodies  transplacentally  acquired  from  the  mother.  Those 
infants  who  are  offspring  of  HIV-1  seropositive  mothers,  but  who  are  not 
infected  with  HIV-1  all  lose  antibody  by  18  months  of  age.  However,  only  58% 
will  have  lost  maternal  antibody  by  one  year  of  age  and  78%  will  have  lost 
maternal  antibody  by  15  months  of  age.  The  HIV-1  infected  infants  may 
develop  Western  blot  reactivities  distinct  from  those  of  their  mother  as  early  as 
three  months  of  age,  but  some  will  not  produce  HIV- 1  antibodies  for  prolonged 
periods.  We  have  studied  a  cohort  of  36  HIV-1  infected  children,  all  of  whom 
fulfilled  the  CDC  criteria  Western  blot  analysis,  of  these  25  were  clearly  positive 
while  9  were  indeterminate  and  two  were  negative  (Table  3). 

Our  observations  further  confirm  that  children  with  HIV- 1  infection  have 
impaired  humoral  responses  to  the  virus.  It  is  unclear  whether  a  lack  of 
production  of  specific  antibody,  rapid  utilization  of  antibodies,  or  both,  are 
responsible  for  the  absence  of  specific  antibody  bands  on  Western  blot. 
Twenty-five  (73.5%)  of  the  children  had  evidence  of  B-cell  dysregulation,  with 
elevated  or  decreased  concentration  of  total  IgG,  suggesting  antibody  synthesis 
problems.  All  of  the  children  with  serum  p24  antigen  concentration  more  than 
lOOpg/ml  and  indeterminate  Western  blots  had  no  antl-p24  antigen 
corresponding  to  declining  or  absent  antibodies  to  the  core  proteins  p24  and 
pi 7,  as  has  been  previously  noted  in  children. 

Antibody  to  the  transmembrane  glycoprotein  gp41  was  the  most 
consistent  Western  blot  finding  in  our  population  of  HIV-1  infected  children. 
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The  anti-gp41  band  also  appears  to  be  relatively  infrequent  in  Western  blots  of 
sera  from  non-HIV- 1  infected  individuals.  As  a  result,  the  single  most  reliable 
band  for  Western  blot  interpretation  in  children  is  likely  to  be  gp4 1 .  However, 
two  HIV-1  infected  children  lacked  anti-gp41  bands. 

In  summary,  children  over  the  age  of  18  months  who  are  clinically 
suspected  of  having  HIV-1  infection  and  who  have  a  positive  ELISA  but  negative 
or  indeterminate  Western  blot  require  additional  testing.  A  serum  p24  antigen 
determination  and/or  HIV  culture  should  be  performed.  Alternative  diagnostic 
tests  also  being  evaluated  include:  detection  of  the  HIV-1  genome  in  infected 
cells  using  the  polymerase  chain  reaction,  and  in  vitro  HIV- 1  specific  antibody 
production  using  cultured  patient  lymphocytes. 

We  have  also  examined  the  same  cohort  for  the  presence  of  anti-HIV 
antibodies  with  biological  activity.  We  summarize  here  the  results  with 
antibodies  that  mediate  antibody  dependent  cell  cytotoxicity  (ADCC). 

ADCC  activity  was  investigated  by  a  series  of  six  hour  51  Cr  release  assays 
using  normal  donor  lymphocyte  effectors  and  gpl20  adsorbed  CEM.NKR 
(natural  killing  resistant)  targets.  Twenty-four  of  36  children  had  antibody 
capable  of  directing  anti-HIV- 1  ADCC  activities  (Fig.  4).  Levels  of  ADCC 
antibody  were  generally  lower  than  that  previously  reported  in  the  adult  HIV- 
1  infected  population.  When  compared  to  a  cohort  of  27  HIV-1  infected 
hemophiliac  children,  children  with  vertically  acquired  HIV-1  infection  had 
significantly  lower  levels  of  anti-HIV- 1  ADCC  activity  (Fig.  5).  These  findings 
confirm  that  the  humoral  defects  noted  in  pediatric  HIV  infection  extend  to 
functional  antibody  responses  including  ADCC  activity. 
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Studies  are  currently  in  progress  to  determine  the  level  and  specificity  of 
neutralizing  antibodies  in  this  cohort  and  to  relate  them  to  those  in  the 
mothers.  These  will  be  evaluated  on  viruses  isolated  from  the  mother  and  child 
respectively. 
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Table  3.  Comparison  of  HIV-1  Infected  Children  with  Varying  Western  Blot  Results 
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HIV  Neutralization  Loo 
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p24  index 


Figure  2.  Levels  of  p24  in  the  culture  supernatant  reflect  the  level  of 

virus  liberated.  At  8  days  post  infection,  the  solid  bar  represents 
the  p24  levels  in  infected  cultures  with  no  treatment.  Addition  of 
antibody  resulted  in  virus  neutralization  at  high  concentrations 
(no  p24  release).  With  progressively  lower  antibody  concentrations, 
p24  levels  rose  but  did  not  significantly  deviate  from  untreated 
cultures  at  peak  levels.  Neither  the  addition  of  complement  nor 
heating  the  serum  to  destroy  complement  had  any  effect  on  the 
values . 
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Human  Blood  Monocyte  Infection  by  HIV-1: 
Lack  of  Enhancement  by  Human  Antibody 


Figure  3.  See  legend  of  Figure  2  for  explanation. 
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